Retroviruses that transform fibroblasts in tissue culture and induce solid tumors in vivo have been isolated from several mammalian species. To date, such viruses have been shown to be defective, requiring replication functions supplied by a helper leukemia virus (1, 3, 6, 11, 18, 21, 23, 32) . Most transforming virus isolates have undergone a substantial number of in vivo and in vitro passages before their characterization in tissue culture. This occurrence has hampered efforts to elucidate the proximal events associated with their origin. Recently, a transforming virus was isolated from a hemangiosarcoma of the BALB/c mouse strain (27) . By using tumor extracts as the source of virus for characterization, we have investigated the biological properties of this sarcoma virus and compared it with other transforming viruses originating in the BALB/c strain. The results demonstrate that this naturally occurring BALB/c murine sarcoma virus (BALB-MSV) is distinct from previous isolates and provide evidence for the involvement of an endogenous BALB/c type C RNA helper virus in the generation of this transforming agent.
MATERIALS AND METHODS
Cells and viruses. Cells were grown in the Dulbecco modification of Eagle medium supplemented with 10% calf serum (Colorado Serum Co., Denver, Colo.). The continuous mouse cell lines, BALB/3T3 and NIH/3T3 (22) , normal rat kidney, NRK (14) , and a human tumor cell line, A673 (16) , were utilized. Other cell lines included an Abelson lymphosarcoma virus nonproducer transformant of NIH/3T3 (ANN-1) (30) obtained from C. Sherr, Sidney Farber Cancer Center, Boston, Mass., and an S+L--MSV nonproducer transformant of NRK cells (2) . An extract of pooled early passage tumors of a BALB/c hemangiosarcoma, containing focus-forming activity (27) , was kindly provided by R. Peters, Microbiological Associates (Bethesda, Md.). Other viruses included clonal strains of Rauscher-and Kirsten-MuLV and a rat type C helper virus. Helper virus pseudotypes of defective transforming viruses were prepared by superinfection of nonproducer transformants with the appropriate type C helper virus (3) .
Virus assays. The focus-forming assay for sarcoma virus was performed according to previously published methods (2) . Type C virus release was measured by an assay for virion-associated reverse transcriptase activity in tissue culture fluids (4).
Colony formation in agar. Cell suspensions were diluted in 0.3% agar (Difco) in complete medium and added to 2 ml of a prehardened base containing 0.5% agar in complete medium. Colony formation was measured with the aid of an inverted microscope.
Radioimmunoassays. The following double antibody competition immunoassays were used: homologous BALB:virus-1 gp7O, p30, p15, and p12; homologous BALB:virus-2; NIH-MuLV and Moloney-MuLV p15 and p12 assays; and the group-specific anti-Moloney-MuLV:'25I-Rauscher-MuLV plO assay. Each of the above proteins was purified according to methods reported elsewhere (10, 19, 36) , radiolabeled with "1I (17) Clonal BALB-MSV nonproducer transformants isolated from independent, focus-derived lines were grown to confluency in 10-cm petri dishes, scraped, washed three times with phosphate-buffered saline, and stored at -70°C as 50% cell packs. To test for helper virus-specific protein expression, cells were disrupted by the addition of Triton X-100 and sonically oscillated as previously described (9) . Cell extracts were tested at twofold serial dilutions for their ability to displace "nI-labeled BALB:virus-1 p15, p12, p30, pi0, and gp7O structural proteins for binding limiting amounts of goat antiserum raised against double sucrose gradient-purified BALB:virus-1. Levels of viral protein expression were calculated on the basis of (i) the amount of cellular protein, determined by the method of Lowry et al. (24) , and (ii) the sensitivity of each of the homologous BALB:virus-1 immunoassays, as determined by using purified BALB:virus-l proteins as competing antigens.
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BALB/c mouse cells are known to contain information for at least three biologically distinguishable endogenous type C viruses. These include the inducible N-tropic BALB:virus-1 and xenotropic BALB:virus-2 isolates (4). Antigens of a third virus, also xenotropic, are expressed in the absence of detectable spontaneous or induced virus release (34) . These viruses can be readily discriminated by taking advantage of highly type-specific antigenic determinants of certain oftheir proteins (34) . The BALB/c strain is also known to contain a B-tropic virus that has been etiologically implicated in naturally occurring BALB/c lymphomas (28) . By radioimmunoassay and molecular hybridization techniques, the B-tropic virus has been found to be indistinguishable from the inducible N-tropic virus, even segregating with the structural locus for BALB:virus-1 within the BALB/c genome (29 (3, 5, 11) . Moreover, type C helper viruses, which invariably express gag gene proteins, lack the capacity to transform fibroblasts. It has recently been shown that 5' terminal helper viral sequences are conserved by, and thus are probably essential for, the generation and/or maintenance of defective transforming viruses (35) . If The BALB/c mouse strain has given rise to at least three independent defective transforming virus isolates. In addition to BALB-MSV, previous isolates include the experimentally induced Moloney-MSV (25) and Abelson lymphosarcoma virus (7) . Typing immunoassays for helper viral proteins served to demonstrate that these latter viruses code for Moloney-MuLVspecific p15 and p12 proteins, establishing BALB-MSV as distinct from previously reported BALB/c transforming viruses. The differences in focus morphology as well as growth rates in semisolid medium of transformed colonies induced by the three viruses suggest differences in their transforming activities. Previous studies have indicated nucleotide sequence differences between Abelson lymphosarcoma and Moloney sarcoma viral genomes (31) . The extent to which the transformation-specific regions of various BALB/c-derived transforming viruses differ remains to be resolved. Nonetheless, the present evidence suggests that the generation of mammalian transforming viruses is a biological event that may be independent of the cellular transforming sequences transduced as well as the helper virus involved in the transduction of those sequences.
